ABSTRACT The inßuence of generation (under Þeld conditions) and photoperiod (under laboratory conditions) on Lobesia botrana larvae development was studied. Some larvae were collected during three annual generations in two grape-growing areas of northeastern Italy, and others were individually reared in the laboratory from egg to pupa on an artiÞcial diet under two different photoperiod conditions (respectively, daylight 16 h/d [long day {LD}] and 14 h/d [short day {SD}]). The mandible lengths of collected larvae were measured and the data analyzed morphometrically to determine the number of larval instars. In the laboratory study, the number of larval moultings, the mandible length of each instar, the development time from hatching larva to pupa, and the pupal weight were considered. The measurement of mandible lengths of larvae collected in the Þeld indicated the existence of Þve larval instars in all three annual generations, but the size of the two oldest larval instars was signiÞcantly higher for third-generation larvae than for the previous generations. Under laboratory conditions, the larvae usually exhibited Þve instars, but the mandible lengths of larvae and the pupa size were greater for individuals reared under SD. These also took a greater number of days to develop from hatching larvae to pupae. Because a larger size of the Þnal larval instar occurs in individuals that produce diapausing pupae under SD in both the laboratory and the Þeld, a positive association between larval size and the probability of surviving the winter can be inferred.
The European grapevine moth, Lobesia botrana (Den. & Schiff.) (Lepidoptera: Tortricidae), is the major pest in European vineyards, where it can have two to four generations per year (Bovey 1966 , Galet 1982 , Coscollá 1997 , Marchesini and Dalla Montà 2004 . In recent times in northeastern Italy, L. botrana has usually had two or three generations per year in the cooler and the warmer grapegrowing areas, respectively , Zangheri and Dalla Montà 1989 , Dalla Montà 1989 , Bigot et al. 2004 , Pavan et al. 2006 .
Larvae are reported as developing in Þve instars on the basis of both body length (Bovey 1966 ) and headcapsule length (Roehrich and Dumot 1989 , Savopoulou-Soultani and Tzanakakis 1990 , Sáenz-de-Cabezó n Irigaray et al. 2006 .
The phenological stage of grapevine during larval feeding inßuences the weight and the reproductive performance of adults (Torres-Vila 1996 , Torres-Vila et al. 1999 ). These two parameters were the lowest when larvae developed on inßorescences (Þrst generation), the highest when on ripe berries (third generation), and intermediate when on unripe berries (second generation). Low temperatures (15Ð21ЊC) determine larger head capsules than high temperatures (24 Ð30ЊC) (Sáenz-de-Cabezó n Irigaray et al. 2006) . A short photoperiod, which is the factor inducing diapause, causes an increase in larval development time and leads to heavier pupae (Deseö et al. 1981, Roditakis and Karandinos 2001) .
The aims of this study were as follows: 1) to verify the inßuence of the generation on L. botrana larval size, and 2) to compare these Þeld data with those recorded in the laboratory from rearing larvae under short and long photoperiods. In particular, the effect of photoperiod on larval development (number of instars, size, and development time) and pupa weight was assessed.
Materials and Methods
Field Data. The Þeld research was carried out by collecting L. botrana larvae during 1995, 1997, and 1998 in two grape-growing areas of northeastern Italy, where the moth has three generations per year (locality 1, Pernumia, 0Њ47Ј longitude E, 45Њ17Ј latitude N, 9 m altitude, cultivar Raboso Veronese; locality 2, Cormons, 13Њ27Ј longitude E, 45Њ57Ј latitude N, 55 m altitude, cultivar Tocai Friulano).
The collected larvae were separated by generation. The years and the generations in which larvae were collected in the two localities are shown in Tables 1,  2 , and 3. In some cases, larvae were collected only during the last part of larval development. All collected larvae were mounted on slides to measure mandible lengths.
Laboratory Data. The laboratory research was conducted with larvae whose parents had been collected as larvae in locality 2. In three different years (1998, 2002, and 2007) , L. botrana larvae of the Þrst generation were collected and reared to the adult stage on an artiÞcial diet (Rapagnani et al. 1990 ) in a climatic chamber (Sanyo Versatile Environmental Test Chamber) at constant RH (70 Ϯ 5%), a daily temperature that varied from 17 Ϯ 0.3 to 28 Ϯ 0.3ЊC (on average 21.7ЊC) and a photoperiod with daylight of 16 h.
The number of larval instars was recorded in the following generation developed in the laboratory, corresponding to the second generation in the Þeld. In total, 142 larvae were reared on an artiÞcial diet individually from egg to pupa in cylindrical boxes (r ϭ 2.5 cm; h ϭ 1.8 cm) of polystyrene at the RH and temperature conditions reported above. Every year, the reared individuals were divided from the egg stage onward into two groups, one of which was held under a long photoperiod (daylight 16 h/d, LD) and the other under a short photoperiod (daylight 14 h/d, SD). The SD is reported to induce diapause (Roehrich 1969 , Deseö et al. 1981 , Roditakis and Karandinos 2001 . In all, 86 larvae were reared under LD, and 56 under SD conditions. The boxes were checked every 1 or 2 d, and after each molting the head capsules were collected and mounted on slides to measure the mandible length. Adult emergence was also recorded.
In 2007, for 39 larvae reared under LD and 43 larvae reared under SD, the number of days from egg hatching to Þfth-instar larvae, from Þfth-instar larvae to pupae, and from egg hatching to pupae was recorded. The weight of the pupae was measured with a Sartorius precision (0.0001 g) weighing balance. Some pupae were not weighed because they were damaged while collecting head capsules. The DyarÕs ratios and the growth regression between the size class number (X) and the length of mandibles in logarithmic scale (Y) are also reported. The mandible lengths followed by the same small letter within each size class are not signiÞcantly different (P Ͻ 0.05; DunnÕs multiple comparisons test) (x ϭ mean, S ϭ standard deviation). 
The DyarÕs ratios and the growth regressions between the size class number (X) and the length of mandibles in logarithmic scale (Y) are also reported. The mandible lengths followed by the same small letter within each size class are not signiÞcantly different (P Ͻ 0.05; DunnÕs multiple comparisons test) (x ϭ mean, S ϭ standard deviation).
Morphometrics. The length of the larval mandibles (the left one) was measured with a precision of 1.25 m under a dissection microscope using a calibrated ocular micrometer. After a preliminary comparison, the mandible length was preferred to the head-capsule length because the latter structures could break or deform during mounting on slides, especially those collected after molting in the laboratory.
Measurements were grouped in frequency classes (class intervals with implied limits of Ϯ2.5 m for mandibles) and plotted to verify the existence of a series of discrete size classes. Mean (x ) and standard deviation (S) of mandible length of each instar (or size class) were then calculated.
The ratios between the mean of each size class (or instar) and the mean of the previous class were also calculated to verify whether they agreed with DyarÕs rule (Dyar 1890 , Daly 1985 . The linear growth regressions between the size class (or instar) number and the length of mandibles in logarithmic scale were also calculated (Daly 1985) .
Statistics. The proportions were compared with the 2 test. The measurement data (mandible length, pupa weight, days) were previously analyzed for normality. If they passed the normality test, they were compared with the Student t test (two samples) or analysis of variance and TukeyÕs posttest (more than two samples). When the data did not pass the normality test, they were compared with the Mann-Whitney U test (two samples) or Kruskal-Wallis test and DunnÕs multiple comparison test (more than two samples). The DyarÕs ratios of the individuals reared in the laboratory were compared with a nonparametric test (Montecarlo test). The regression slopes of linear growth regressions were compared with the Student t test.
Results
Field Data. The mandible lengths of Þrst-generation larvae of L. botrana were measured in three separate surveys (Table 1) . In locality 1/1995, the frequency distribution showed Þve size classes and peaks, and both the DyarÕs ratio and growth regression indicated the presence of Þve larval instars (Table 1, Fig. 1 ). In the other two localities, only the last two peaks were recorded, but their position was similar to that observed for locality 1/1995.
The mandible lengths of second-generation larvae were measured in three separate surveys (Table 2) . In locality 2, the mandible length showed Þve size classes and peaks in both years, and the growth regressions indicated the existence of Þve larval instars (Table 2 ; Fig. 2) . In locality 1, only the last two peaks were recorded, but their positions were similar to those observed in locality 2. The fourth/third DyarÕs ratio was on average higher than others, suggesting a change in growth rate in the last part of larval development ( Table 2) .
The mandible lengths of third-generation larvae were measured in two separate surveys (Table 3, Fig.  3 ). Even if there are few data about the earliest larval instars, in locality 2 the mandible lengths of larvae showed Þve size classes and the growth regression indicated Þve larval instars. The calculated DyarÕs ratios were similar to those observed for the second generation in the same localities. The mandible lengths of larvae collected in locality 1 showed two The DyarÕs ratios and the growth regression between the size class number (X) and the length of mandibles in logarithmic scale (Y) are also reported. The mandible lengths followed by the same small letter within each size class are not signiÞcantly different (P Ͻ 0.05; DunnÕs multiple comparisons test) (x ϭ mean, S ϭ standard deviation). peaks whose positions were similar to those of the last two peaks observed in locality 2 (Table 3) .
In all of the three annual generations, L. botrana showed a development pattern of Þve instars, but the mandible length of the last two instars signiÞcantly increased from the Þrst to the third generation (Fig.  4) . As a consequence, the average DyarÕs ratio was higher for the last two generations (compare Tables 1,  2 , and 3).
Laboratory Data. All of the larvae reared under SD produced diapausing pupae, whereas the adults of almost all those reared under LD emerged in a few days.
The larvae exhibited Þve or six instars. The sixthinstar group represented 4.9% of the total larvae, and this proportion was not statistically different between the photoperiod conditions (four of 86 for LD; three of 56 for SD).
The mandible lengths of larvae developed under LD were signiÞcantly shorter than those formed under SD from the fourth instar (for fourth instar, t ϭ 4.975, df ϭ 141, P Ͻ 0.0001; for Þfth instar, t ϭ 7.099, df ϭ 141, P Ͻ 0.0001) ( Table 4) .
For the Þve-instar groups under both photoperiod conditions, the second/Þrst and third/second DyarÕs ratios were signiÞcantly higher than those between the later instars ( Table 4) . The variability among larvae within the same ratio (within group variance) was at least 20 times higher than between different ratios (between group variance), showing that the growth of each larva was very discontinuous during the time.
The growth regression was very close for both Þfth-instar groups (Table 4 ). The regression slope was signiÞcantly higher for larvae grown under SD (t ϭ 4.53, df ϭ 701, P Ͻ 0.0001).
The frequency distributions of mandible lengths of larvae developing in Þve instars, both under LD and SD can be separated into Þve size classes without overlapping (Fig. 5) .
The individuals reared under SD took signiÞcantly more days to develop from egg hatching to Þfth-instar larvae or pupae than those developed under LD (Fig.  6) . Indeed, there were nearly twice as many days required by SD Þfth-instar larvae to reach the pupal instar as those raised under LD.
The weight of pupae was higher when the larvae were reared under SD (Fig. 7) .
Comparison Between the Field and the Laboratory Data. The mandible lengths of Þrst-and second-generation larvae collected in the Þeld were most similar to those of larvae reared under LD, whereas mandible lengths of third-generation larvae were most similar to those of larvae reared under SD (Fig. 4) . The slope of growth regression calculated for larvae reared in the laboratory under LD was similar to the slope calculated for the second-generation larvae, but signiÞ-cantly higher (P Ͻ 0.01) than the slope for the Þrst-generation larvae (compare Table 4 with Tables 1 and 2).
Discussion
In the laboratory, the growth pattern measurements of L. botrana in Þve instars under LD using mandible length were similar to those previously reported on the basis of head-capsule length (Savopoulou-Soultani and Tzanakakis 1990). According to these authors, the third/second DyarÕs ratio is the highest and the Þfth/ fourth ratio is the lowest, suggesting that the average growth of the larval population is not constant during time. This occurrence was also observed for other tortricids species (Parker and Moyer 1972, Shaffer and Rock 1983) . However, on the basis of the laboratory data of the current study, the variability of DyarÕs ratio during larval development is more important at an individual level than at a population level.
In the Þeld, larvae of L. botrana exhibit a development model of Þve instars in all three annual generations, but the Þnal instar of the third generation is signiÞcantly bigger than those of the two previous generations. The third-generation larvae complete their development under SD and produce diapausing pupae. This also agrees with the laboratory data because the Þfth-instar larvae obtained under SD, which produce diapausing pupae, are bigger than those reared under LD. Therefore, the short photoperiod appears the factor that determines not only diapause, but also the larger size of larvae. On the basis of the laboratory data of the current study, the difference in larval size could not be determined from the begin- The mandible lengths followed by the same small letter within each instar are not signiÞcantly different (P Ͻ 0.05; DunnÕs multiple comparisons test). The DyarÕs ratios with the same small letter within each instar group did not differ (P Ͻ 0.05; Montecarlo test) (x ϭ mean, S ϭ standard deviation). ning of development because the differences in morphometry between larvae, reared under LD or SD, became signiÞcant only from the fourth instar.
This research showed that a SD photoperiod, producing diapausing pupae, is associated with an extension of development time from egg hatching to pupa, as previously observed (Deseö et al. 1981, Roditakis and Karandinos 2001) . Moreover, the subdivision of developmental time into two phases, from egg hatching to Þfth-instar larva and from this latter stage to pupa, allows us to establish the following: 1) the larger size of Þfth-instar larvae induced by SD is associated with an extension of development time from egg hatching to the Þfth-instar larvae, and 2) the production of diapause pupae under SD doubles the time to pupation.
According to Roditakis and Karandinos (2001) , a longer feeding activity could favor a high accumulation of reserves, as the development of heavier pupae suggests. The higher pupal weight, associated both with a higher size of Þfth-instar larvae and their longer feeding activity, could allow a better chance of survival during the winter. An association between size of the Þnal larval-instar and diapause was observed also for the noctuid Sesamia nonagrioides (Lefebvre) (Fantinou et al. 1996) .
Bigger larvae and pupae in the third generation than in the second correspond to larger sized adults (Torres-Vila 1996) , but on the basis of the present research the photoperiod conditions can explain the differences as being independent of food quality (ripe versus unripe berries).
The Þrst-generation larvae (MayÐJune) had a smaller Þnal instar and a lower growth rate (see growth regression) than those of the second generation (JulyÐAugust). This difference could depend on different food sources or quality, because L. botrana adult weight was higher when larvae had been reared on unripe berries than on ßoral clusters before ßow-ering (Torres-Vila 1996) . Also, the temperature (much higher in summer than in spring) could be a factor inßuencing the larval size, as previously reported for Cydia molesta (Busck) (Roberts et al. 1978) , even though laboratory data on L. botrana showed that larval size is greater at lower temperatures (Sáenz-de-Cabezó n Irigaray et al. 2006) .
